Abstract Aging is a risk factor for cognitive impairment as well as cancer. However, the interplay between these three entities-aging, cognition, and cancer-is not well understood. Mounting evidence indicates that both cancer and cancer therapies, such as chemotherapy, can negatively affect cognition and that older adults with pre-existing cognitive impairment may be more susceptible to cognitive decline with therapy than younger patients. For an older adult, decline in cognition may significantly compromise their ability to remain independent in the community. Pre-existing cognitive impairment, at the time of a cancer diagnosis, may also carry an increased risk of treatment-related adverse events in older adults receiving chemotherapy. Growing research suggests behavioral interventions may be helpful in improving chemotherapy-related cognitive changes; however, these interventions have been mainly evaluated in younger patients in whom pre-existing cognitive impairment is less prevalent. Here we review the studies on the following: cognitive changes associated with cancer and cancer therapies with an emphasis on studies conducted in older adults, relevant screening tools to evaluate cognition in the geriatric oncology setting, and possible intervention strategies for managing cognitive impairment.
Introduction
With the aging of the baby-boomer population, the number of older individuals is expected to double to 83.7 million by the year 2050 [1]. Cancer incidence is greater in the elderly; thus, this increase in the geriatric population will translate into an increase in cancer diagnoses. Between 2010 and 2030, cancer incidence will increase an estimated 67 % for patients 65 and over [2] .
Cognitive impairment is also common in older adults. The prevalence of dementia is 13.9 % in patients aged 71 and older [3] . Additionally, an estimated 22.2 % of Americans have cognitive impairment without overt dementia [4] . Because mild cognitive impairment (MCI) or dementia is already fairly prevalent in older patients at the time of cancer diagnosis, this represents a challenge in studying the role that cancer diagnosis and cancer treatment may play in the exacerbation of cancer-related cognitive impairment in older adults. SEER Medicare studies suggest that the estimated prevalence of dementia in cancer patients age 65 and over ranges from 3.8 to 7 % [5] [6] [7] , although this is likely lower than the true prevalence due to lack of capture of these diagnoses within Medicare claims. It is unknown how a prior diagnosis of dementia or MCI specifically impacts treatment decisionmaking for cancer and what percentage of these patients with pre-existing cognitive impairments are offered various types of cancer therapies, such as surgery or chemotherapy.
The majority of studies evaluating cognition in cancer patients include patients of all ages; a few studies, however, have focused on older adults with cancer specifically. In this article, we will discuss cognitive changes associated with cancer and cancer treatments, with emphasis on the older adult population. We will review various screening tools to evaluate cognition in this population, discuss pre-existing cognitive impairment as a risk factor for treatment-related adverse events, and evaluate evidence of non-pharmacologic interventions for cognitive changes related to cancer and cancer therapy.
Cognitive Changes Associated with a Cancer Diagnosis
Due to early research reports suggesting that chemotherapy may impact cognition in cancer patients, systematic investigation of this phenomenon started to rapidly grow in the early 2000s [8] . While we typically think of cancer-related cognitive impairments as being associated most strongly with chemotherapy, emerging research has suggested that cancer alone may impact cognitive function. The role of cancer itself is particularly important to consider because older patients may already have pre-existing cognitive impairments prior to a diagnosis of cancer and therapy initiation. Studies have demonstrated that 20-30 % of patients with breast cancer have impaired cognition prior to receipt of adjuvant chemotherapy or endocrine therapy [9, 10] . Although the majority of these studies were performed in younger patients [11, 12] , Lange and colleagues examined a group of older adults to determine the impact of cancer on cognition prior to the receipt of systemic therapy [13••] . In this study, baseline cognitive function was assessed in 123 women over the age of 65 with newly diagnosed, early stage breast cancer. The investigators evaluated episodic memory, working memory, executive functions, and information processing speed using neuropsychological tests and determined that 41 % of patients had cognitive dysfunction prior to initiation of treatment (defined by zscore ≤ 1.5 standard deviations (SD) on two cognitive assessment tests or ≤2.0 SD on a single test). This rate was significantly higher than estimated population norms for older adults without a cancer diagnosis and was also higher than younger breast cancer patients. Of note, investigators excluded participants with major cognitive disorders or those with psychiatric comorbidities that may limit their capacity to participate; thus, it is likely that individuals with dementia or more clinically significant cognitive impairment were excluded from this study. Mandelblatt and colleagues also evaluated older women with newly diagnosed breast cancer prior to receipt of systemic chemotherapy and contrary to the Lange study; they detected no difference in cognition compared to agematched controls without cancer. The prevalence of cognitive impairment observed in the Mandelblatt study was 14 % in breast cancer patients and 15 % in controls (cognitive impairment defined by z-score ≤ 1.5 SD below control mean on two cognitive assessment tests or ≤2.0 SD on a single test). Individuals with a diagnosis of neurodegenerative disorders or Mini-Mental Status Exam score of <24 were excluded; thus patients with more advanced cognitive impairment were also not evaluated on this study. Mandelblatt and colleagues did observe that the subgroup of patients with more advanced stage cancer (stage II/III) had lower executive function than individuals with earlier-stage disease. Additionally, presence of two or more comorbidities was strongly associated with cognitive impairment among patients with cancer, but not among controls [14••] . These findings were unique from the Lange study, were no correlation between comorbidity or cancer stage and cognitive impairment was observed. The results of Mandelblatt and colleagues suggest that cognitive impairment related to a cancer diagnosis may affect a subset of patients such as those with greater disease burden or higher comorbidity status. Although these studies demonstrate discordant results, this may be related to variation in the population sampled and study design. Both studies included older women receiving adjuvant chemotherapy for breast cancer, however, subjects in the Lange study had lower educational levels as compared to those on the Mandelblatt study (mean years of education 11 years versus 15 years), suggesting the possibility that individuals with lower educational levels may be more susceptible to developing cognitive impairment following a cancer diagnosis. In addition, the Mendelblatt study compared older patients receiving chemotherapy with a control group of older patients in contrast to the Lange study, which did not include a control group.
Cognitive Changes Associated with Cancer Treatment

Chemotherapy
Chemotherapy-related cognitive impairment (CRCI) has been reported in multiple cross-sectional and longitudinal studies, with the majority of studies performed in younger patients with breast cancer [8, 11, 12] . In longitudinal studies, the reported frequency of post-treatment cognitive changes varies significantly based upon the population evaluated, the specific measurement tool utilized, definitions of impairment or change in cognition, and other study design features. The majority of longitudinal studies of CRCI in cancer patients demonstrate treatment-related cognitive changes, but some studies have failed to demonstrate any effect [12] . In the studies that report changes in cognition related to chemotherapy, impaired cognition is observed in 20-30 % of patients after cancer diagnosis before treatment, up to 50-80 % of patients during treatment, and up to 25-35 % at later follow-up [8, 11] .
Although the majority of studies on CRCI have been performed in younger cancer patients, some studies have focused specifically on the geriatric population. Hurria and colleagues surveyed older patients with breast cancer (N = 45) regarding their perception of how adjuvant chemotherapy affected their cognitive function. Investigators evaluated the self-reported cognitive status of breast cancer patients aged 65 and over prior to starting adjuvant chemotherapy and 6 months following the completion of treatment. Participants were asked about their ability to learn new information and working memory status. Approximately half of patients reported a decline in memory between baseline and 6 months post-treatment. Subjects who reported their memory as Bworse than average^prior to initiating chemotherapy were more likely to perceive a decline in cognitive function following treatment [15] . However, contrary to this, Freedman and colleagues evaluated the self-reported cognitive function of 197 older women with breast cancer enrolled on the quality of life substudy of the Cancer and Leukemia Group B (CALGB) 49907, a large study evaluating outcomes related to adjuvant chemotherapy in older patients with breast cancer. In this sample, receipt of chemotherapy was not associated with longitudinal changes in self-reported cognition [16] . The patient samples in these two studies evaluated varied slightly. Patients enrolled on the Freedman study generally had minimal concerns about their cognition at baseline and individuals with more significant cognitive impairment (defined by a Blessed OrientationMemory-Concentration score of >11) were excluded. More patients included on the Hurria study had pre-existing concerns about their cognition, suggesting a more vulnerable population. The two studies also used different measures of memory self-rating (Squire Memory Self-Rating Questionnaire [Hurria] versus Memory, Cognitive, and Concentration subscales of the Neurobehavioral Functioning and Activities of Daily Living scale [16] ).
In another study, Hurria and colleagues prospectively evaluated the cognitive function of women age 65 and over receiving adjuvant chemotherapy for breast cancer using an objective cognitive evaluation. Patients were evaluated with a neuropsychological assessment battery as well as a geriatric assessment at baseline and 6 months after chemotherapy to determine the change in cognitive function and its effect on functional outcome measures. Twenty-eight patients were included in the study; 11 % demonstrated cognitive impairment at baseline (defined by scoring two standard deviations below normative data on two or more of the neuropsychological tests). At 6-month follow-up, 39 % of patients had a decline in cognitive function from baseline; 50 % had no change, and 11 % had improvement in cognitive testing. There were no significant changes in functional measures (Activities of Daily Living, Instrumental Activities of Daily Living or performance status) between the two time points [17] . Another study using objective neuropsychological evaluation by Ahles and colleagues included a subset of older patients (age > 60) within a larger sample (n = 123). Investigators evaluated the cognitive function of 60 breast cancer patients receiving adjuvant chemotherapy and compared them to 72 breast cancer controls not receiving chemotherapy and 45 healthy controls without breast cancer at multiple time points. They observed that older patients with lower baseline cognitive reserve (assessed by reading ability) who received chemotherapy had lower processing speed post-treatment, as compared to younger patients as well as both age-matched control groups, suggesting that older adults with lower innate cognitive function may be the most vulnerable to cognitive changes following chemotherapy [18••] .
Other than breast cancer, cognitive changes related to cancer therapy have been shown in other smaller studies of select populations. For example, Jones and colleagues evaluated the prevalence of cognitive deficits after induction chemotherapy in patients with multiple myeloma and assessed change in cognitive function post-autologous hematopoietic stem cell transplant in this population. Investigators observed that the rate of impaired cognitive functioning was high following induction chemotherapy, with 47.2 % of patients demonstrating cognitive impairment. Following transplant, nearly half of patients demonstrated clinically significant declines in at least one cognitive assessment measure (47.2 % demonstrating decline in ≥1 measure at one month post-transplant, 48 % at three months post-transplant). Although this study included patients of all ages (n = 53, average age 58 years), older patients represented one of several subgroups that demonstrated greater vulnerability to decline with therapy [19] . Adjuvant chemotherapy for colon cancer has also been shown to impair cognition in some studies. Investigators evaluated 81 patients with localized colon cancer receiving adjuvant chemotherapy (average age 66) and determined that 56 % of patients had a decline in cognition at the end of therapy, with verbal memory the main domain affected. Older age along with lower level of education was significantly associated with cognitive decline following receipt of therapy [20] .
To date, no prospective studies have focused specifically on older cancer patients with pre-existing MCI or dementia who go on to receive chemotherapy. Given that individuals with pre-existing cognitive impairment appear to be at great risk for cognitive decline with therapy and are potentially at increased risk for treatment-related adverse events, it is important to focus research efforts on this population. Observational studies are needed to detail the impact of chemotherapy on cognition in this particularly vulnerable subgroup. Intervention studies are necessary to develop supportive care measures to minimize treatment impact on cognition and optimize patient's independence during and after therapy.
Endocrine Therapy
The impact of endocrine therapies, such as androgen deprivation therapy (ADT) and aromatase inhibitor (AI) therapy, on cognition has been explored. ADT is suspected to impair cognition based upon the observation in older men without cancer that lower testosterone levels are a factor in age-related cognitive decline [21, 22] . Overall, studies regarding the impact of ADT on cognition have yielded mixed results. A recent systematic review and meta-analysis including prostate cancer patients of all ages concluded that patients receiving ADT performed significantly worse on visuomotor cognitive tasks than non-cancer control groups [23] .
Regarding endocrine therapy for breast cancer, both tamoxifen and AI therapy have been evaluated. Hurria and colleagues measured the impact of aromatase inhibition on cognitive function specifically in older adults with breast cancer. Patients aged ≥60 years and age-matched controls (n = 70) were evaluated with neuropsychological testing at baseline and 6-month follow-up. No significant decline in cognitive function was seen in patients receiving AI therapy at 6-month follow-up. A subgroup of patients (n = 20) also underwent PET scan of the brain and investigators observed specific changes of in metabolic activity between the two time points in patients receiving AI therapy, although the clinical significance of this finding is unknown [24] . Schilder and colleagues evaluated the effects of tamoxifen versus AI therapy on cognitive function, and compared both groups to healthy controls. Investigators observed that tamoxifen users overall performed statistically significantly worse than healthy controls on verbal memory and executive functioning. This study included postmenopausal patients (average age 68.3, range 51-84) and exploratory analysis suggested that patients age >65 receiving tamoxifen performed worse on processing speed at follow-up as compared to those patients receiving AI therapy [25] . Combined, these studies suggest that AI therapy may have a more favorable cognitive side effect profile than tamoxifen in older patients with breast cancer.
Impact of Cancer on Risk for Cognitive Impairment Later in Life
The majority of studies evaluating the impact of cancer and cancer treatment on cognition have focused on short-term effects (i.e., less than 1 year post-treatment). Some data suggests, however, that a diagnosis of cancer places an individual at increased risk for cognitive impairment later in life. Yamada and colleagues evaluated the cognitive status of older breast cancer survivors (n = 30) several years after the completion of breast cancer treatment (average duration since diagnosis 16.8 years, range 13.8-22.5 years). Subjects were evaluated with a cognitive assessment battery and compared to noncancer controls matched for age, education, and IQ. Investigators identified significant differences in attention, working memory, psychomotor speed, and aspects of executive functioning, with cancer survivors performing worse than controls [26] . Another study evaluated the prevalence of cognitive dysfunction and dementia in patients age ≥ 65 with a history of cancer using a co-twin control design (n = 702 pairs), and compared the prevalence of cognitive impairment in cancer survivors with their cancer-free twins. Investigators determined that cancer survivors were more likely than their co-twins to have cognitive dysfunction [27] . A study by Driver and colleagues, showed the opposite effect howeverthat cancer survivors had lower rates of Alzheimer's disease later in life (n = 1278) [28] . Therefore, the true impact of cancer on long-term cognitive status is yet to be determined.
Evaluating Cognition in Older Adults with Cancer
The first step in managing cognitive impairment in the older patient with cancer is identification of pre-existing cognitive changes prior to cancer therapy. In cancer care, cognitive assessment is not routinely incorporated into the evaluation and management of older adults. Studies are needed to develop feasible methods to incorporate cognitive screening into cancer care to allow identification of this potentially higher risk group of patients. Several cognitive assessment tools can be used in the evaluation of older adults with cancer. Short cognitive screening tools are likely the most feasible options to incorporate into busy oncology clinical practice. Several short cognitive screening tools have been developed for use in the non-cancer setting, and a few of these measures have been evaluated in cancer patients specifically. Examples include the Montreal Cognitive Assessment (MoCA) [29] , the MiniMental Status Exam (MMSE) [30] , the Mini-Cog [31] , and the Blessed Orientation-Memory-Concentration (BOMC) test [32] .
The MoCA is a brief screening tool that evaluates multiple cognitive domains including short-term memory, visuospatial abilities, executive function, and attention and takes approximately 10 min to administer [29] . The MoCA has been compared to the MMSE in non-cancer patients and demonstrated better sensitivity in detecting MCI (90 %) and good specificity at 87 % [29] . The MoCA also detected mild dementia with high sensitivity and specificity (100 and 87 % respectively). The MoCA has been evaluated in oncology patients with brain metastases and has been shown to be feasible to administer and more sensitive than the MMSE in this population [33] . However, the MoCA has not been validated in geriatric oncology patients specifically.
The MMSE is a brief screening tool for cognitive deficits and includes evaluation of orientation, registration, attention, and calculation, recall, language, and copying [30] . The MMSE has been used to evaluate cognition in older adults with cancer in prior studies, although it was not evaluated against full neurospychologic testing in this population [34] .
The Mini-Cog is a short cognitive screening tool that combines a delayed recall item and a clock-drawing test. The Mini-Cog takes approximately 3 min to administer and was developed and validated in community-dwelling older adults without cancer [31] . When compared to the MMSE in this population, the Mini-Cog demonstrated similar sensitivity and specificity for identifying dementia [31] . The Mini-Cog has been compared to the MMSE in older adults with cancer and found to have a sensitivity of 80.7 % and specificity of 83.8 % [35] .
The BOMC test is a short cognitive screen comprised of six questions and has been shown to discriminate among mild, moderate, and severe cognitive deficits [36] . It has been studied as a component of an oncology-specific geriatric assessment and shown to be feasible [37] .
Outside of the clinical trial setting, full neuropsychological evaluation is not feasible to incorporate into routine oncology practice. However, if brief evaluation with a short screening tool suggests possible cognitive impairment, referral for more comprehensive cognitive assessment may be warranted.
Broad Clinical Implications for Studying Cognitive Function in Older Adults with Cancer
5Cognitive status can influence decision-making and treatment planning along the continuum of care for the older adult with cancer. Initially cognition may influence a decision regarding cancer screening-an individual with significant cognitive impairment likely has a limited life expectancy due to their comorbid cognitive condition. Thus, this patient may not live long enough to derive the benefit of a cancer screening intervention. Following a cancer diagnosis, impaired cognition may affect a patient's ability to participate in some aspects of the decision-making and treatment planning process for cancer. With the increasing complexity of cancer care, patients with cognitive impairment may have difficulty processing and recalling the information required to engage in this complex decisionmaking process and provide appropriate informed consent for treatments that are high-risk. Many institutions now require consent for cancer therapy, including chemotherapy, and determining the capacity of a patient to provide this consent is critical in patients with cognitive impairment. Identification of a health care proxy to assist with this process can be vitally important in these situations, and may also be important for helping to consent for research studies evaluating this vulnerable population as well.
Pre-existing cognitive impairment may also be a risk factor for chemotherapy toxicity. The Chemotherapy Risk Assessment Scale for High-Age Patients (CRASH) Score was developed from a prospective, multicentric study of patients age ≥ 70 initiating chemotherapy. Authors evaluated all patients with GA, including cognitive assessment with the MMSE, prior to treatment and determined that an impaired MMSE score (defined by score <30) was correlated with grade 3/4 nonhematologic toxicity. Another chemotherapy toxicity prediction model failed to show impaired cognition as a risk factor; however, a different measure, the Blessed Orientation-Memory-Concentration (BOMC), was used as the cognitive assessment in this study [38] .
Managing Cognitive Impairment During and After Cancer Therapy
No studies to date have evaluated therapeutic or supportive care interventions in older adults with pre-existing cognitive impairment receiving chemotherapy. Given the complexity of cancer care and a high risk of adverse events with chemotherapy in individuals with pre-existing cognitive impairment, developing interventions to improve care and outcomes for these patients is an important area of research. Following identification of older cancer patients with cognitive impairment, several supportive care interventions could be considered to help support these individuals through cancer therapy, although these are not evidence-based in this population.
Older adults may be living alone in the community, and enhancing social support may be an important safety intervention during cancer therapy. Depending on the severity of cognitive limitations, 24-h supervision may be indicated to monitor for adverse events, particularly if the patient is unable to communicate side effects or reliably seek help in case of an emergency due to cognitive impairment. If an older adult with cognitive impairment is living independently and subsequently receives chemotherapy, they may develop difficulties with Instrumental Activities of Daily Living (IADL), such as finance management or medication administration, and this may compromise their ability to remain living independently in the community. Given the complexity of cancer treatments, patients with cognitive impairment receiving cancer treatment often need closer supervision by their treating oncologist with increased frequency of office visits and enhanced, written instructions with reminders and check-ins by the oncology team. Cancer therapy regimens frequently require additional medications, such as anti-emetics, which can add complexity to an older adult's medication regimen. Enhanced supervision and support for medication administration, such as home nursing and pillbox support, may be useful. Often supportive care medications used for chemotherapy include corticosteroids, anticholinergics (i.e., Benadryl) and H 2 -receptor antagonists, which are established Bhigh-risk^medications for older adults, particularly with cognitive impairment [39] . Counseling patients and families about the potential impacts of cancer therapy and supportive care medications on cognition and monitoring for delirium and impact on IADL and function is also important. Such interventions are not evidencebased in the cancer population, however, and their impact on outcomes is unknown. Developing evidence-based, patient-tailored supportive care interventions to improve outcomes in this vulnerable population during cancer treatment is needed.
To date, the majority of studies evaluating interventions to prevent or improve symptoms of CRCI have focused on younger cancer patients. In general the younger patients enrolled in these studies likely did not have cognitive impairment prior to cancer therapy. Therefore, we have limited data to guide supportive care cognitive interventions for older adults with pre-existing cognitive impairment receiving cancer therapy. Information regarding cognitive interventions can be extrapolated from these studies of younger cancer survivors. In general, behavioral therapies such as cognitive rehabilitation or exercise, have demonstrated the most success in improving CRCI symptoms. [40] [41] [42] [43] [44] [45] [46] An observational study by Sprod et al. evaluated the impact of exercise on cancer treatment symptoms in older cancer patients specifically and found that older patients who exercised during treatment reported less memory loss than control, although this was not a randomized intervention study [47] . Studies are needed to determine the feasibility and benefit of incorporating these types of interventions into the care of older patients with cancer and cognitive limitations.
Conclusion
The incidence of cancer as well as cognitive impairment increases with age. Given the aging demographics of our population, cognitive impairment in older cancer patients will become an increasingly relevant issue. Cancer therapies, such as chemotherapy, have been shown to negatively impact cognition for some patients and it is likely that older individuals with pre-existing cognitive impairment are the most vulnerable. Preexisting cognitive impairment can also increase the risks associated with chemotherapy. Screening for cognitive impairments prior to treatment is encouraged and several short screening tools exist. Additional studies are needed to understand supportive care interventions that will optimize treatment, cognitive, and overall quality of life outcomes for older adults with cancer and cognitive impairment.
